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1
LIGHTING DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The application claims the benefit of U.S. Provisional
Application Ser. Nos. 61/751,935, filed Jan. 13,2013,61/791,
905, filed Mar. 15, 2013, 61/839,362, filed Jun. 25, 2013 and
61/858,818, filed Jul. 26, 2013, the contents of which are
incorporated by reference as if fully set forth herein.

FIELD OF THE INVENTION

The field of the invention relates to lighting devices, such as
flashlights, that reflect simplified designs having fewer com-
ponent parts, and that may include innovative focusing and
reflector features, components that serve multiple functions,
electronics and/or electronics packaging.

BACKGROUND OF THE INVENTION

Existing lighting devices, such as flashlights, typically
involve a number of component parts. As the number of
component parts increases, manufacturing costs may also
increase and durability may decrease. That is, as the number
of components increase, the cost to assemble them generally
increases as does the chance that one or more component
parts may later fail.

Accordingly, it would be beneficial for a flashlight design
to have a reduced number of component parts. It would also
be beneficial to simplify the manner in which the components
interact. It would also be beneficial to generally simplify the
design which may make the flashlight easier to manufacture
and at lower cost, and may also make it easier for the user to
operate the flashlight and increase its durability.

Various existing lighting devices, such as flashlights, pro-
vide a focusing feature where the beam of light may be varied
between spot and flood and vice versa. This may occur
through the collimation of light by relative motion of the light
source and reflector. Certain existing focusing features move
the light source relative to the reflector. However, this may
require a number of component parts that may increase com-
ponent and manufacturing costs. Accordingly, it would be
advantageous to provide an alternative focusing feature that
may involve fewer component parts.

Many, if not most, current lighting devices use areflector to
direct the beam of light. However, the configuration of the
reflector and the manufacturing process used to produce it
may sometimes result in distortion to the reflector surface.
Accordingly, it would be advantageous for the reflector to
have a design that avoids distortion when it is manufactured.

Various existing lighting devices now include electronics
that may provide different functions. Oftentimes, these elec-
tronics may be located in a certain location within the lighting
device. However, the location of these electronics may affect
what functions may be offered and/or how the electronics
may operate. And in smaller lighting devices such as flash-
lights, there is generally a limited volume of space where
electronics may be located. Accordingly, it would be advan-
tageous to locate electronics and package them so as to
increase their utility and lower cost.

Over recent years, flashlights and other lighting devices
have been able to operate in different modes of operation. For
example, certain current flashlights now provide different
modes such as a standard brightness beam, a brighter or
dimmer beam, a blinking beam and/or other modes. However,
the manner in which different modes may be selected by the
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user may be cumbersome. Accordingly, it would be advanta-
geous to provide an improved and efficient manner in which
the user may select different modes.

It is generally desired for lighting devices to provide
brighter beams of light and/or a larger spot. Accordingly, it
would be advantageous to use larger and/or more powerful
light sources.

The current invention addresses the foregoing issues as
well as other issues as described herein.

SUMMARY OF THE INVENTION

The current invention relates to improved designs for light-
ing devices such as non-rechargeable and rechargeable flash-
lights. In a first aspect of the invention, simplified designs
having fewer component parts and simplified interaction
between component parts are described. These simplified
designs preferably reduce the cost and complexity to manu-
facture the lighting device, make the lighting device easier to
use by auser and increase the durability of the lighting device.

In another aspect of the current invention, the beam of light
provided by the lighting device may be focused by moving the
reflector in relation to the light source, where the light source
may remain stationary. To this end, the head assembly which
may include the reflector may move relative to the light
source. This design may provide for quicker focusing of the
light beam and improved concentricity of the light source axis
and reflector axis. The focusing feature of the current inven-
tion may involve components which engage each other
through teeth and a spiral groove and corresponding tab
arrangement. As an alternative to engagement by a spiral
groove and corresponding tab, components that provide for
focusing may engage each other through corresponding starts
and threads.

Another aspect of the invention regards the reflector used to
focus the beam of light emanating from the lighting device.
Many reflectors are made using an injection molding process
with hot plastic. In this aspect of the invention, the reflector is
preferably configured so that its walls are of relatively uni-
form thickness, and significantly thicker walls or portions are
avoided. With this configuration, any shrinkage that occurs as
the plastic cools down after the injection molding process is
more uniform across the reflector walls due to their uniform
wall thickness. Also, distortion in thicker portions that may
result from “sink” is preferably reduced or is avoided. This in
turn preferably avoids distortion to the reflector surface that
might otherwise degrade the quality of the light beam.

Another aspect of the current invention regards a switch
assembly that may include a printed circuit board (PCB) that
provides various functions. The PCB may be located in a
switch assembly. In a preferred embodiment, the PCB may
include components that allow the lighting device to control
the brightness and dimming of the light source in an analog
fashion; though this control may also occur through pulse
width modulation (PWM).

Another aspect of the current invention regards a heat sink
that may provide several functions. The heat sink may gen-
erally hold a light source module that includes the light
source, such as an LED, that generates significant heat. The
heat sink may provide heat transfer, electrical conductivity
and concentricity functions. That is, the heat sink may con-
duct heat away from the light source, may form part of the
electrical circuit between the light source and the power
source and may facilitate the concentricity between the light
source and reflector axis when the focus of the light beam is
varied.
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Another aspect of the current invention regards the ability
to provide different operational modes and the manner in
which a user may switch from one mode to another. In this
aspect of the invention, the user may press or click on a button
or other type of switch or user interface a certain number of
times to select different modes of operation. Certain modes
may be also selected by holding down the button or switch for
more than a predetermined time. A combination of both of the
above may also be used to select modes. Different sets of
modes may also be chosen by the user to suit his or her
preferences. For example, a user may choose a set of modes
which may include modes generally used more often. The
modes may also be ordered within a set so that the mode most
frequently used may be ordered first.

Another aspect of the invention regards providing a
brighter beam of light. This may occur by using more pow-
erful light sources, such as a larger LED. To this end, the
invention also regards the manner in which the lighting device
may accommodate a larger light source.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of a flashlight.

FIG. 2 is an exploded perspective view of a rechargeable
flashlight.

FIG. 3 is a side view of a reflector.

FIG. 3A is a section view of a reflector.

FIG. 4 is a perspective view of a spiral nut.

FIG. 4A is a section view of a spiral nut.

FIG. 4B is a front view of a spiral nut.

FIG. 5 is an exploded perspective view of a switch assem-
bly.

FIG. 5A is a perspective view of a switch assembly.

FIG. 6 is an exploded perspective view of a lead frame
switch assembly.

FIG. 6A is a perspective view of a lead frame switch
assembly.

FIG. 7 is an exploded perspective view of a switch assem-
bly.

FIG. 7A is a perspective view of a switch assembly.

FIG. 8 is an exploded perspective view of a lead frame
switch assembly.

FIG. 8A is a perspective view of a lead frame switch
assembly.

FIG. 9 is an exploded view of a diode module assembly.

FIG. 9A is a perspective view of a diode module assembly.

FIG. 10 is a plan view of a printed circuit board.

FIG. 11 is a block diagram of electronics for a flashlight.

FIG. 12 is a block diagram of electronics for a flashlight.

FIG. 13 is a block diagram of electronics for a flashlight.

FIG. 14 is an exploded perspective view of a flashlight.

FIG. 15 is an exploded perspective view of a rechargeable
flashlight.

FIG. 16 is a perspective view of a reflector.

FIG. 16A is a section view of a reflector taken along a first
section line.

FIG. 16B is a section view of a reflector taken along a
second section line.

FIG. 17 is aperspective side view of a portion of a flashlight
barrel.

FIG. 18 is a perspective side view of a front barrel.

FIG. 19 is a perspective view of a spiral nut.

FIG. 19A is a perspective section view of a spiral nut.

FIG. 19B is a front view of a spiral nut.

FIG. 20 is an exploded view of a light source module.

FIG. 20A is a perspective view of an assembled portion of
a light source module.

20

25

30

35

40

45

60

4

FIG. 20B is a perspective view of a thermally-conductive
ring.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The current invention is now described with reference to
the figures. The same or similar components appearing in
more than one figure may bear the same reference numeral. It
should be noted that the scope of the current invention is not
limited to the examples specifically shown and discussed
herein, but also includes alternatives thereto.

The overall design and operation of lighting devices
reflecting the current invention are first described with refer-
ence to FIGS. 1 and 2. FIG. 1 shows a flashlight 10 having a
non-rechargeable power source, while FIG. 2 shows a flash-
light 100 having a rechargeable power source. The overall
designs of rechargeable flashlight 100 and non-rechargeable
flashlight 10 may be similar and may include a number of the
same or similar components.

As shown in FIG. 1, flashlight 10 may generally comprise
face cap assembly 20, barrel assembly 30, tail cap assembly
40, head assembly 50 and switch assembly 70. Similarly, as
shown in FIG. 2, rechargeable flashlight 100 may comprise
face cap assembly 20, barrel assembly 90, tail cap assembly
40, head assembly 50 and switch assembly 70. A power
source is not shown in either FIG. 1 or 2, but non-rechargeable
batteries or a rechargeable battery pack may be used. To this
end, the battery or batteries preferably fit within barrel 31, 94
and may engage tail cap assembly 40 and switch assembly 70.

The flashlights 10, 100 of FIGS. 1 and 2 show a cylindrical
barrel 31, 94, but it should be noted that the current invention
is not limited to cylindrical flashlights. To this end, different
types of housings besides barrels may be used to house a
power source, and different shapes of housings and power
sources may be used.

The general construction of flashlights 10, 100 is now
further described. In flashlight 10, face cap assembly 20 may
generally form part of head assembly 50, which may in turn
be attached to the forward portion of barrel assembly 30. Tail
cap assembly 40 may be attached to the rear portion of barrel
assembly 30. Switch assembly 70 may reside within barrel
assembly 30 and provide an interface with the user. As
explained in more detail below, head assembly 50 may be
rotated relative to barrel assembly 30 to focus the beam of
light.

Rechargeable flashlight 100 may generally have the same
construction in that face cap assembly 20 may form part of
head assembly 50, which may be attached to the forward
portion of barrel assembly 90, and more particularly, attached
to the forward portion of front barrel 91. Tail cap assembly 40
may be attached to the rear portion of barrel assembly 90, and
more particularly to the rear portion of rear barrel 94. The
barrel assembly 90 may include front barrel 91, diode assem-
bly 80 and rear barrel 94. This barrel assembly 90 may differ
from barrel assembly 30 of non-rechargeable light 10 in that
diode assembly 80 provides a means for recharging the power
source. Switch assembly 70 may reside within front barrel
portion 91.

The components that may be included in the various
assemblies identified above are now further discussed. Refer-
ring to FIGS. 1 and 2, face cap assembly 20 in either of
flashlights 10, 100 may comprise face cap 21, lens o-ring 22,
lens 23 and reflector 24. In a preferred embodiment, face cap
21 may comprise aluminum. O-ring 22 may comprise rubber
or any other suitable material. Lens 23 may comprise a poly-
carbonate for durability and resistance against scratching and
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is preferably clear. In a preferred embodiment, lens 23 may
comprise LEXAN. Reflector 24 may generally comprise
plastic. As shown in more detail in FIG. 3, reflector 24 may be
formed so that its inner surface 24D is parabolic so as to
reflect the light beam out of flashlight 10, 100. To provide
reflectivity, the inner surface of reflector 24 may also be
coated with a reflective material.

Face cap 21 may contain a groove to receive lens o-ring 22,
and a threaded portion within its inner diameter to engage the
threads on head 54 as described in more detail below. Lens
o-ring 22 may reside between face cap 21 and lens 23 to
provide a watertight seal and to also protect against dirt from
entering face cap assembly 20. Reflector 24 may include a
flange 24A that fits within face cap 21, and also a cylindrical
portion 24B, the inner surface 24D of which may be parabolic
and which may reflect light. Reflector 24 may also include a
back surface 24C having teeth that engage spiral nut 52 as
described in more detail below. When face cap assembly 20 is
assembled, reflector flange 24A may be pushed forward
towards face cap 21 to hold o-ring 22 and lens 23 in place.

The components of head assembly 50 are now further
described. Head assembly 50 may generally comprise the
face cap assembly 20 described above, as well as snap ring 51,
spiral nut 52, o-ring 53 and head 54. Snap ring 51 may
comprise a resilient metal, spiral nut 52 may comprise plastic,
o-ring 53 may comprise rubber and head 54 may comprise
aluminum. Other suitable materials may be used. When
assembled, o-ring 53 acts as a seal between face cap 21 and
head 54.

Spiral nut 52 may include a front surface having teeth 52A
that engage the teeth 24C of reflector 24 when the face cap
assembly 20 and head assembly 50 are assembled. Spiral nut
52 may also include spiral tab 52B formed on its inner sur-
face. As discussed in more detail below, snap ring 51 may
generally serve to prevent head assembly 50 from being
removed from barrel assembly 30, 90 during use after flash-
light 10, 100 is completely assembled.

Flashlights 10, 100 may also include snap ring 55, heat sink
56, light source module 57 and o-ring 58. These components
may reside at or near the front of barrel assembly 30, 90. In
general, light source module 57 may include an LED as its
light source, and may be press fit into the central hole 56 A of
heat sink 56. Heat sink 56 may be press fit into the forward
portion of barrel 31 of flashlight 10, or into the forward
portion of front barrel 91 of rechargeable flashlight 100.

As noted above, switch assembly 70 may reside within
barrel 31 or front barrel 91. Switch assembly 70 is positioned
so that it is located proximate to hole and interface 32 which
may serve as an interface with the user. Interface 32 may
comprise a push button switch. O-ring 58 may be placed on
the outside of barrel 31, 91. When flashlight 10, 100 is
assembled, o-ring 58 may act as a seal between head assem-
bly 50 and barrel 31, 91.

Barrel assembly 30 as used in flashlight 10 of FIG. 1 may
include barrel 31 and interface 32 as mentioned above. Barrel
31 may comprise aluminum and may include a knurling pat-
tern as shown. Barrel 31 also preferably includes spiral
groove 33 onits outer surface which may engage the spiral tab
52B of spiral nut 52 as described in more detail below. The
forward portion of barrel 31 may also include grooves to
receive snap rings 51, 55. The groove to receive snap ring 51
may be located on the outer surface of barrel 31, and the
groove to receive snap ring 55 may be located on the interior
surface of barrel 31.

Barrel assembly 90 as used in flashlight 100 of FIG. 2, may
include front barrel 91, diode assembly 80 and rear barrel 94.
The rear portion of front barrel 91 may include interior
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threads which engage exterior threads on the front portion of
diode assembly 80. Similarly, the front portion of rear barrel
94 may include interior threads which engage the exterior
threads on the rear portion of diode assembly 80. Front and
rear barrels 91, 94 may comprise aluminum, and rear barrel
94 may include a knurling pattern as shown. Front barrel 91
also preferably includes spiral groove 93 on its outer surface
which may engage the spiral tab 52B of spiral nut 52 as
described in more detail below. The forward portion of front
barrel 91 may also include grooves to receive snap rings 51,
55. The groove to receive snap ring 51 may be located on the
outer surface of front barrel 91, and the groove to receive snap
ring 55 may be located on the interior surface of front barrel

Tail cap assembly 40 may include spring 41, lip seal 42 and
tail cap 43. Spring 41 may serve to urge the power source
forward so as to help maintain electrical contact between the
power source and switch assembly 70. Lip seal 42 may com-
prise rubber and may help prevent water and dirt from enter-
ing the seam between the barrel assembly 30, 90 and tail cap
43. Lip seal 42 may be configured to allow venting of pressure
caused by the build-up of gases within barrel 31, 94 due to the
chemistry of the batteries contained therein. This provides an
additional feature beyond existing flashlights where an o-ring
may be used in the tail cap assembly that does not provide
venting. Tail cap 43 may comprise aluminum and may also
include a knurling pattern as shown.

An advantage of the current invention is that the design of
flashlights 10, 100, as well as the other embodiments
described later, preferably involve fewer components. This
preferably improves reliability and reduces the cost of manu-
facturing. The manner in which these components may be
assembled may also contribute to the reduced number of
components, and is now further described. It should be noted
that the manner of assembly described below is only an
example and is not intended to limit the scope of the inven-
tion.

In the case of flashlight 10 of FIG. 1, switch assembly 70
may be inserted into barrel 31 so that it is positioned in
proximity to hole and interface 32. Light source module 57
may be press fit into heat sink 56, and heat sink 56 may be
press fit into the front portion of barrel 31. Snap ring 55 may
then be inserted into barrel 31, and may engage an internal
groove (not shown) of'barrel 31 so as to hold heat sink 56 and
thus light module 57 in place. In this manner, the back surface
of light module 57 may engage switch assembly through
electrical contacts as described later.

Face cap assembly 20 may be assembled first by inserting
lens o-ring 22, lens 23 and reflector 24 into face cap 21.
O-ring 53 may be installed in a groove on the outside of head
54. Head 54 may then be positioned on the front portion of
barrel 31. Spiral nut 52 may also be positioned on the front
portion of barrel 31 and press fit into head 54. To this end,
spiral nut 52 may include surfaces 52C that may engage
corresponding surfaces (not shown) on the interior surface of
head 54. Corresponding surfaces need not be used, and the
invention includes other means for spiral nut 52 to engage
head 54. The press fit or other engagement between spiral nut
52 and head 54 thus preferably provide that head 54 and spiral
nut 52 move together during use of flashlight 10 when head
assembly 50 is rotated relative to barrel assembly 30 to vary
the beam of light of flashlight 10. As spiral nut 52 is posi-
tioned on barrel 31, it is preferred that its spiral tab 52B
engages the spiral groove 33 on barrel 31.

Snap ring 51 may then be positioned onto barrel 31 to
engage an exterior groove. Once snap ring 51 is so engaged,
it preferably prevents head 54 and spiral nut 52 from being
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removed from the front end of barrel 31. Accordingly, when
flashlight 10 is later used and head assembly 50 rotated rela-
tive to barrel assembly 30, head assembly 50 is preferably not
removed from barrel assembly 30.

O-ring 53 may be inserted onto head 54 and face cap
assembly 20 may be attached to head 54 by the engagement of
the interior threads of face cap 21 and the exterior threads of
head 54. However, it should be noted that other means to
attach face cap assembly 20 to head 54 may be used.

When face cap assembly 20 is brought into contact with
head 54, it is preferred that the reflector teeth 24C engage the
spiral nut notches 52A so that the teeth of one component
engage the notches of the other and vice versa. As face cap
assembly 20 is tightened onto head 54, the components
therein are brought into close contact with each other to
secure them together. In this manner, lens o-ring 22, lens 23,
reflector 24 and spiral nut 52 are held tightly together within
face cap 21 and head 54. This includes the engagement of
teeth 24C, 52 A between reflector 24 and spiral nut 52.

In the case of rechargeable flashlight 100 of FIG. 2, the
assembly may generally be the same. Several differences may
be that snap ring 51 engages an exterior groove on front barrel
91, snap ring 55 engages an interior groove on front barrel 91,
and spiral tab 52B may engage the spiral groove 93 on front
barrel 91.

When flashlights 10, 100 are so assembled, head assembly
50 may be rotated relative to barrel assembly 30, 90, and
because of the engagement between spiral tab 52B and spiral
groove 33, 93, and because of the engagement of reflector
teeth and notches 24C and spiral nut teeth and notches 52A,
rotation of head assembly 50 relative to barrel assembly 30,
90 results in head assembly 50 axially translating relative to
the barrel 31, 91. This causes reflector 24 to move axially
relative to the light source contained in light source module
57 that is itself held stationary by heat sink 56 and barrel 31,
91.

This relative movement of reflector 24 and the light source
provides the focusing feature of the current invention. That is,
moving the reflector 24 relative to the stationary light source
changes the angle at which light emanating form the light
source is reflected through lens 23. In this manner, the beam
of light provided by flashlight 10, 100 may be varied from
spot to flood and from flood to spot by twisting the head 50
relative to the barrel 30, 90. Generally, the light may be
considered as focused when in the spot configuration. Here,
the light emanating from flashlight 10, 100 may be collimated
because the reflector is positioned relative to the light source,
so that the light source is positioned at the focal point of
reflector 24.

Additional embodiments of the current invention are now
described with reference to FIGS. 14 and 15. FIG. 14 shows
non-rechargeable flashlight 210 and FIG. 15 shows recharge-
able flashlight 2100. Flashlights 210, 2100 are generally simi-
lar to flashlights 10, 100 of FIGS. 1 and 2, respectively,
though certain components differ as discussed below.
Accordingly, many components in FIGS. 14 and 15 are iden-
tified by the same reference numerals used above. But where
components in FIGS. 14 and 15 vary from those shown in
FIGS. 1 and 2, different reference numerals are used.

Several components of non-rechargeable flashlight 210 in
FIG. 14 which may vary from those described with non-
rechargeable flashlight 10 in FIG. 1 are reflector 224, snap
ring 251 and spiral nut 252. Also, barrel 231 of non-recharge-
able light 210 may differ from barrel 31 in that barrel 231 may
include threads or starts 233 at or near its front end as opposed
to spiral groove 33. Another difference is that barrel 231 may
include groove 234 located behind starts 233 to receive snap
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ring 251, as opposed to the groove in barrel 31 that receives
snap ring 51 and that is located in front of spiral groove 33.

Similarly, with respect to the rechargeable flashlight 2100
as compared to rechargeable flashlight 100, reflector 224,
snap ring 251 and spiral nut 252 may differ. And front barrel
291 may differ from front barrel 91 in that front barrel 291
may include threads or starts 233 at or near its front end as
opposed to spiral groove 33. Another difference is that barrel
231 may include groove 234 located behind starts 233 to
receive snap ring 251, as opposed to the groove in barrel 31
that receives snap ring 51 and that is located in front of spiral
groove 33.

Reflector 224 is now further described with reference to
FIGS. 16, 16 A and 16B. Reflector 224 may be used in either
non-rechargeable flashlight 210 or rechargeable flashlight
2100. Similar to reflector 24 in FIGS. 1 and 2, reflector 24
may reside within face cap assembly 20 and head assembly
50.

Reflector 224 may include flange portion 224 A, cylinder or
cylindrical portion 224B, a series of teeth and notches 225C
on the rear surface of cylinder 224B, and parabolic portion
224FE that includes a parabolic inner surface 224D that serves
to direct the light beam. Cylinder 224B may be connected to
parabolic portion 224E by a plurality of ribs 226. Generally,
reflector 224 may serve the same purpose of focusing the light
beam as does reflector 24.

Reflector 224 may fit within face cap 21 as discussed above
in connection with reflector 24. As best shown in FIG. 16,
flange portion 224 A may include one or more tabs 225 spaced
about its periphery. In a preferred embodiment, six tabs 225
may be used but other numbers of tabs may also be used. Tabs
225 preferably serve to retain reflector 224 within face cap 21
during manufacturing process. It will be recalled that the
components within the face cap 20 assembly and head assem-
bly 50 are ultimately pressed together and secured firmly in
place as face cap 21 is tightened onto head 54. But prior to
then, during the manufacturing process, these components
may be loosely fitted together. However, tabs 225 preferably
hold reflector 224 in place within face cap 21 until face cap 21
is tightened onto head 54 so as to aid in the manufacturing
process.

Another benefit of reflector 224 relates to the space
between cylinder 224B and parabolic portion 224E, which is
best shown in FIG. 16. As noted above, cylinder 224 may be
attached to parabolic portion 224E by ribs 226, and ribs 226
may provide the space between cylinder 224B and parabolic
section 224E. The reason why this space is beneficial is better
understood when considering the materials and manufactur-
ing process that is oftentimes used to produce reflectors for
lighting devices such as flashlights.

The reflectors used in many flashlights and other lighting
devices are produced by an injection molding process where
heated fluid plastic is injected into a mold of the desired
reflector shape and configuration. After the plastic is injected
into the mold, the plastic cools so that it ultimately hardens to
form the reflector. As the plastic cools, it typically shrinks.
However, the amount of shrinkage that occurs may vary
between different regions of the reflector depending on vari-
ous factors such as how thick the reflector walls are in a
particular region. If the shrinkage is not uniform, the reflector
may be distorted which may affect the reflector surface, e.g.,
surface 224D, which may in turn degrade the quality of the
light beam emanating from the lighting device.

For example, a condition referred to as “sink” may occur in
the thicker walled regions of an injection molded reflector.
Sink may occur where the amount of plastic entering the mold
is less than the volume of plastic the mold was designed to
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receive. This situation typically occurs at points in the mold
where thicker regions of the part are to be formed, i.e., atthose
regions in the mold where the volume of plastic to be received
is larger. When insufficient plastic is received by the mold in
these regions, the resulting thicker cross sections of the
reflector will sink because insufficient plastic was injected to
form and support these thicker sections. Where the thicker
regions adjacent to the parabolic inner surface (such as sur-
face 224D) of the reflector experience sink, this will tend to
distort this surface and degrade the quality of the light beam
emanating from the lighting device.

Besides sink, distortion problems may also occur where the
thickness of the reflector walls vary significantly. This is
because as the plastic cools, thicker portions may simply
experience different shrinkage than thinner portions. And if
this gradient in shrinkage is in proximity to the inner para-
bolic surface of the reflector, distortion may ultimately exist
and degrade the quality of the light beam.

Reflector 224 reduces or avoids these distortion issues by
essentially avoiding thicker cross sectional walls by separat-
ing cylinder 224B from the outside of parabolic portion 224E
as best shown by FIG. 16. This space is partly created by the
fact that the axial length of cylinder 224B does not extend all
the way forward so that it merges with parabolic portion 224E
as does cylindrical portion 24B with the parabolic portion of
reflector 24. This space between the outside of parabolic
section 224E and the inner surface 224BB of cylinder 224B is
also made possible by ribs 226 holding cylinder 224B at a
distance from parabolic portion 224E.

This is in contrast to the situation where cylinder 224B
comprises a larger mass of material that simply bridges the
gap to parabolic portion 224E all around its circumference. In
that situation, one may see how the effective wall thickness in
the region where the cylindrical portion merges with the
parabolic section would be significantly larger.

As an example, this effectively thicker wall region may be
seen by the section view of reflector 24 in FIG. 3A. This
thicker region is created due to the angle of the parabolic
section, the positioning of the cylindrical section 24B, and the
fact that the cylindrical section 24B is configured to extend all
the way forward to merge with the parabolic section. Further-
more, this thicker region extends around the periphery of
reflector 24 because the parabolic and cylindrical sections
merge around the reflector’s entire circumference. Accord-
ingly, there is a significant volume of material that may be
susceptible to sink. If sink were to occur with the embodiment
of reflector 24, it may distort the parabolic surface 24A and
degrade the quality of the light beam.

Besides any distortion caused by sink, reflector 224 avoids
significantly different thicknesses in its walls. Accordingly,
any distortion that may be caused by non-uniform shrinkage
due to varying thicknesses is also preferably reduced or
avoided.

FIGS.16A and 16B are section views of reflector 224 taken
at different section lines. FIG. 16B is a section view taken
along a line where ribs 226 extend from either side of para-
bolic section 224E. While the wall thickness shown in this
section view may appear relatively thick, it must be noted that
ribs 226 are preferably relatively thin as best shown in FIG.
16. Accordingly, any thickness added to the parabolic wall
section by ribs 226 only occurs over a relatively short circum-
ferential distance. This is in contrast to the situation where a
cylindrical portion would be attached to the parabolic 224E
around its entire circumference.

FIG. 16 A is another section view taken along a line where
ribs 226 do not extend from parabolic section 224E. As
shown, there is a space between the inner surface 224BB of
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cylinder 224B and the outer surface of parabolic section 224E
around its entire circumference except at those locations
where thin ribs 226 connect them. FIG. 16A also shows how
thickness is avoided by the fact that cylindrical portion 224B
does not extend all the way forward (or down in FIG. 16A) to
merge with parabolic section 224E.

Besides avoiding distortion issues that might be created by
sink or different shrinkage rates associated with different
thicknesses, reflector 224 also allows less material to be used.
That is, cylindrical portion 224B preferably does not extend
all the way to merge with parabolic portion 224E, and also
preferably does not bridge the space between inner surface
224BB and parabolic region 224E. Accordingly, less material
is needed to create reflector 224 and material cost is prefer-
ably reduced.

As with the back surface of cylindrical portion 24B of
reflector 24 in FIGS. 3 and 3 A, the back surface of cylinder
224B of reflector 224 includes teeth and notches 224C. Teeth
and notches 224C engage corresponding teeth on spiral nut
252 in similar fashion to how reflector 24 engages spiral nut
52.

Spiral nut 252 and the manner in which it engages barrel
231 in non-rechargeable flashlight 210, and the manner in
which it engages front barrel 291 in rechargeable flashlight
2100 is now further described with reference to FIGS. 17, 18,
19, 19A and 19B. A primary difference in this embodiment is
that instead of the spiral groove 33 and spiral tab 52B in FIG.
1, and instead of the spiral groove 93 and spiral tab 52B in
FIG. 2, spiral nut 252 includes threads 252B that engage a
number of threads or starts 233, 293 on the barrels of flash-
lights 210, 2100.

As shown in FIG. 17, the front end of barrel 231 includes
threads or starts 233 and groove 234. Starts 233 on the outer
surface of barrel 231 engage threads 252B on the interior
surface of spiral nut 252 as shown in FIGS. 19 and 19A. In this
manner, when head assembly 50 is rotated relative to barrel
231, the pitch of starts 233 and corresponding spiral nut
threads 252B effect axial translation of reflector 224 relative
to the stationary light source and thereby varies the focus of
the light beam. That is, as head assembly 50 is rotated, the
teeth 224C of reflector 224 engage teeth 252A of spiral nut
252 which in turn causes the threads 252B of spiral nut 252 to
travel along the starts 233 of barrel 231.

Different numbers of starts 233 may be used, but in a
preferred embodiment, sixteen starts may be used. Using a
number of starts 233 provides increased stability in the axial
translation of head assembly 50 in relation to barrel 231. That
is, the stresses associated with rotation and axial translation of
head assembly 50 are borne by multiple starts 233.

Starts 233 may be formed in barrel 231 by arolling machin-
ing process. Starts may have a desired angle, but it is preferred
that the angle be large enough so that a relatively small
amount of rotation of head assembly 50 causes the desired
amount of variation in focus.

Referring now to FIG. 18, front barrel 291 of rechargeable
flashlight 2100 may include starts 293 at its front end as well
as groove 294. Starts 293 may engage the threads 252B of
spiral nut 252 in the same manner as described above in
connection with flashlight 210.

Another difference of the embodiments shown in FIGS. 14
and 15 is the location of the groove 234, 294 that receives snap
ring 251. In these embodiments, this groove is located behind
starts 233, 293 as opposed to in front of the spiral groove 33,
93 in FIGS. 1 and 2. This rearward location allows snap ring
251 to be located behind spiral nut 252 so that it does not
interfere with the rotation of head assembly 50 in relation to
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barrel 231 or front barrel 291. Snap ring 251 may be con-
structed generally similar to snap ring 51 of FIGS. 1 and 2.

The feature of the current invention where the light beam
may be varied and focused is now further described. As with
the overall design of the lighting devices of the current inven-
tion, the feature which may vary the light beam preferably
requires fewer components than existing designs. For
example, the feature of varying the light beam in certain
existing flashlights occurs by the reflector remaining station-
ary and the light source moving relative thereto. This existing
design may involve an angled surface on the reflector that
serves as a cam, which interacts with a cam follower that is
coupled to the light source so that the light source axially
translates when the head is rotated. This existing design may
also involve additional components, such as a cam follower,
components that attach the cam follower to the light source, a
spring related to the movement of the light source and other
components.

However, the design of the current invention preferably
avoids the need for such additional components because the
engagement between spiral tab 52B and groove 33, 93, and
the engagement between teeth 24C, 52A provides for axial
movement between the reflector and light source. Similarly,
the engagement between spiral nut threads 252B and starts
233, 293, and the engagement between reflector teeth 224C
and spiral nut teeth 252A provides for axial movement
between the reflector and light source. This preferably lowers
component cost and manufacturing cost because the compo-
nents used to move the light source are not used. Also, the
reflector 24, 224 of the current invention need not be manu-
factured to include an angled cam surface.

Beyond the foregoing, the design of the feature where the
light beam is varied may provide other advantages. For
example, because the light source is held stationary, any lack
of concentricity between the light source axis and the reflec-
tor axis is not emphasized. That is, in existing flashlights
where the light beam is varied by moving the light source, any
lack of concentricity will be reflected in the beam of light and
will be clearly seen as the light source moves relative to the
reflector. This is avoided with the focusing feature of the
current design.

An advantage is that the light beam may be varied more
quickly. To this end, existing flashlights may require a certain
amount of rotation of the head relative to the barrel to vary the
light beam from spot to flood or vice versa. With the new
configuration described above, the light beam may be varied
with less rotation to provide the same amount of variation of
the light beam. This preferably reduces wear on the compo-
nent parts and also allows the user to more quickly adjust the
light beam to the desired configuration.

The pitch of the spiral tab 52B and spiral groove 33, 93 may
be adjusted to provide quicker or slower adjustment. To this
end, it is preferred that the pitch of spiral tab 52B and spiral
groove 33, 93 generally correspond and that the dimensions
of the tab 52B and groove 33, 93 allow tab 52B to smoothly
travel in groove 33, 39. This also applies to the pitch of spiral
nut threads 252B and starts 233, 293 so that quicker or slower
adjustment may occur.

In a preferred embodiment, spot to flood adjustment (or
vice versa) may occur through rotating head assembly 50
relative to barrel assembly 30, 90 by about 30 degrees. How-
ever, the current invention is not limited to an adjustment
involving 30 degrees of rotation and other amounts of rotation
may be used, such as by about 90 degrees or by some other
amount of rotation.

Beyond providing a quicker adjustment of the light beam,
this feature may also reduce or avoid issues created by any
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lack of concentricity between the axes of the light source and
reflector. That is, if the light source axis and reflector axis do
not coincide, requiring a smaller angle of rotation reduces or
avoids the effects of such lack of concentricity.

Another aspect of the current invention regarding heat sink
56 is now further described. As shown in FIGS. 1 and 2, heat
sink 56 may hold light module 57 in a stationary position at or
near the forward end of barrel 31 of flashlight 10 (FIG. 1) or
at or near the forward end of front barrel 91 of flashlight 100
(FIG. 2). An embodiment of light module 57 is described in
U.S. Ser. No. 12,188,201, the contents of which are incorpo-
rated by reference as if fully set forth herein. However, the
configuration of the PCBs in the light module described in
this incorporated application may be changed as discussed
below. Furthermore, the light source used may vary as well as
the manner in which light module 57 holds or positions the
light source as discussed below.

Heat sink 56 may provide several functions. First, heat sink
56 may provide a mechanical function by properly aligning
the light source so that its axis is in line with the reflector axis
and/or axis of the centerline of flashlight 10, 210, 100, 2100.
To this end, and as discussed above, light source module 57
may be press fit into heat sink 56, which may in turn be press
fit into barrel 31, 231, or front barrel 91, 291. This provides
benefits regarding concentricity as discussed above. This
mechanical function may exist because the light source
remains stationary when the beam of light is focused or oth-
erwise varied, as opposed to the light source axially moving.

Second, heat sink 56 may also provide an electrical func-
tion in that it may form part of the ground path between light
source module 57 and the negative electrode of the power
source. More specifically, in the case of non-rechargeable
flashlight 10, 210 of FIGS. 1 and 14, heat sink 56 may form
the ground path between the negative electrode of the light
source by contacting the housing of light source module 57
and a ground contact 79 of switch assembly 70 as discussed in
more detail below. And in the case of the rechargeable flash-
light 100, 2100 of FIGS. 2 and 15, heat sink 56 may form part
of'the ground path between the negative electrode of the light
source by contacting the housing of light source module 57
and a ground contact 79 of switch assembly 70.

Third, heat sink 56 may also provide a thermal function by
helping to dissipate heat generated by the light source. More
specifically, heat sink 56 may contact the housing of light
source module 57 and thus conduct heat away from light
source module 57 to barrel 31, 231 or to front barrel 91, 291.
Heat may then be further conducted away through barrel 31,
231 or front barrel 91, 291, or through convection to the
surrounding environment. In a preferred embodiment, the
light source in module 57 is an LED. Because LEDs may emit
significant heat, the thermal conduction function provided by
heat sink 56 is beneficial.

Another aspect of the invention relates to switch assembly
70 and the location of the electronics of flashlights 10, 100.
This aspect is now described with references to FIGS. 5, 5A,
6,6A,7, 7A, 8 and 8A. It should be noted that though refer-
ence numeral 70 is used for the different switch assemblies of
FIGS.5,5A,6,6A,7,7A, 8 and 8A, the switch assemblies 70
have differences as discussed below and shown in these fig-
ures. Each pair ofthese figures shows a non-lead frame design
and a lead frame design for several different switch assem-
blies 70. In general, the non-lead frame switch assemblies 70
of FIGS. 5, 6, 7 and 8 may include electrical contacts that may
be manually placed at certain locations in upper and/or lower
housings 72,77 of switch assembly 70 during manufacture. In
the lead frame switch assemblies 70 of FIGS. 5A, 6A, 7A and
8A, these electrical contacts are preferably molded into upper
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and/or lower switch housings 72, 77 during manufacture.
FIGS. 5, 5A, 6 and 6A generally relate to non-rechargeable
flashlights 10, 210 of FIGS. 1 and 14, and FIGS. 7, 7A, 8 and
8A generally relate to rechargeable flashlights 100, 2100 of
FIGS. 2 and 15.

Referring to FIG. 5, an embodiment of switch assembly 70
for a non-rechargeable flashlight 10, 210 is now further
described. As shown, switch assembly 70 may include actua-
tor 71, upper switch housing 72, snap dome 73, electronic
switch PCB 74, battery contact 75, PCB contacts 76, lower
switch housing 77, set screw 78 and ground contact 79.

Actuator 71 may serve as part of the user interface in that it
may protrude through a hole in barrel 31 and engage a pad (or
button) covering hole 32 on which the user may press. To this
end, actuator 71 may travel through hole 72B formed in upper
housing 72. Hole 72B may correspond to the hole in barrel 31
when switch assembly 50 is positioned within barrel 31.

When the button 32 is pressed down by the user, actuator 71
may press down on snap dome 73 which may in turn engage
PCB 74. More specifically, snap dome 73 may include four
ground path legs 73A which generally remain in contact with
ground pads 74A on PCB 74, but when the user presses down
on the button, a center contact 73C on snap dome 73 may
touch center or momentary pad 74C on PCB 74 thereby
closing the circuit with ground pads 74A. The manner in
which the user may control the user interface by the engage-
ment of snap dome 73 with the ground pads 74A and the
engagement of center contact 73C and center or momentary
pad 74C located on PCB 74 may be similar to the description
in U.S. Ser. No. 12/353,965, the contents of which are incor-
porated by reference as if fully set forth herein.

Upper and lower housings 72, 77 may comprise plastic and
may be joined to form switch assembly 70 as shown in FIG.
5A. To this end, lower housing 77 may include posts 77A that
may engage holes (not shown) in upper housing 72. Upper
housing 72 may also include tabs 72 A that may engage lower
housing 77. Housings 72, 77 may include suitable compart-
ments to house PCB 74, contacts 75, 76 and other desired
components. PCB 74 which may include notches 74B that
may correspond to front posts 77A formed in lower housing
77 and thereby secures PCB 74 within housing 70 at the
desired location.

Battery contact 75 may be positioned in upper and lower
housings 72, 77, and may comprise a resilient metal to form a
leaf spring. Battery contact 75 may form part of the positive
electrical path between the battery power source (contained
within barrel 31) and PCB 74, which positive electrical path
may continue to PCB 74. To this end, positive contact 75 may
include a tab 75A which may electrically contact a positive
pad on PCB 74, as well as a spring portion 75B which may
contact the positive electrode of the battery. It is preferred that
spring portion 75B be resilient so as to maintain electrical
contact despite any movement of the battery within barrel 31,
231 that may occur, e.g., if flashlight 10, 210 is dropped.

Board contacts 76 are preferably positioned by housings
72,77 to make electrical contact with corresponding pads on
PCB 74. More specifically, positive board contact 76A may
contact positive pad 746 A, and negative board contact 76B
may contact negative pad 746B. When switch assembly 70 is
assembled as shown in FIG. 5A, board contacts 76 A, 76B
may be exposed and/or protrude by or through the forward
end of switch assembly 70. And when flashlight 10, 210 is
assembled, contact 76A may be positioned so as to electri-
cally contact a positive contact on light source module 57 and
its LED, while negative board contact 768 may be positioned
so as to electrically contact a rear surface of heat sink 56,
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which in turn may electrically contact the housing of the light
source module and negative electrode of the LED to form a
ground path.

Ground contract 79 may also be housed by lower housing
79, and is preferably formed from a resilient metal. As shown,
ground contact may include a nut portion 79A as well as a leaf
spring portion 79B. When switch assembly 70 is assembled
and inserted into barrel 31, 231, leaf spring portion 79B may
contact a rear surface of heat sink 56, and nut portion 79A
may engage the threads of set screw 78 which may be turned
so that its downward point digs into the interior surface of
barrel 31, 231 to continue the ground path. In this manner,
ground contact 79 forms part of the ground path that extends
from a ground contact of the LED in light source module 57,
through the housing of the light source module, heat sink 56,
ground contact 79, set screw 78, barrel 31, 231, tail cap 43,
spring 41 and to the negative electrode of the power source.

Set screw 78 may also be used to position switch assembly
within barrel 31, 231. The threads of set screw 78 may engage
the threads of nut portion 79A of ground contact 79. That is,
when switch assembly 70 is assembled and inserted into
barrel 31, 231, set screw 78 may be turned so that its down-
ward point digs into the interior surface of barrel 31, 231
thereby securing the position of switch assembly 70.

Referring to FIGS. 6 and 6 A, alead frame version of switch
assembly 70 for non-rechargeable flashlight 10, 210 is now
further described. As shown, ground contacts 76A, 76B are
preferably molded into upper housing 72, as is battery contact
75 (not shown). Ground contact 79 may be molded into lower
housing 77.

Referring to FIG. 7, an embodiment of switch assembly 70
for rechargeable flashlight 100, 2100 is now further
described. As shown, several of the components used in this
switch assembly 70 may be similar to those shown in FIGS. 5
and 5A, but several differences may exist, such as the manner
in which switch assembly 70 electrically contacts the battery
power source. As mentioned earlier, when rechargeable flash-
light 100, 2100 is assembled, switch assembly 70 may be
positioned next to diode assembly 80.

Accordingly, one difference in switch assembly 70 of
rechargeable flashlight 100, 2100 involves how contact 75
contacts the battery source of power. Leaf spring portion 75B
may contact a positive contact, i.e., pin 84, of diode assembly
80, which may then contact the positive electrode of the
battery power source. This may be in contrast to a direct
electrical connection to the power source.

Another difference may be reflected regarding ground con-
tact 179 that may be located at or near a rear corner of switch
assembly 70. In this embodiment, ground contact 179 may
include a contact portion 179A that may make electrical
contact with pad 749 on PCB 74 as shown. Ground contact
179 may also include a leaf spring portion 179B that may be
resilient to ensure a ground connection.

As mentioned earlier, when rechargeable flashlight 100,
2100 is assembled, switch assembly 70 may be located next to
diode assembly 80, and leaf spring portion 179B may elec-
trically contact diode assembly to form a ground path. More
specifically, leaf spring portion 179B may contact a front face
inside chamfer surface 82D of diode housing 82 (as shown in
FIG. 9). The ground path may then extend through diode
housing 82 and to rear barrel 94. To this end, barrel 94 may be
anodized, but may include a skin cut near its front to allow the
ground path to extend from diode housing 82 to barrel 94. The
ground path may then travel through barrel 94 through
another skin cut near its rear end adjacent to tail cap 43, so that
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the ground path may continue through tail cap 43, spring 41
and ultimately to the negative electrode of the battery power
source.

Referring to FIGS. 8 and 8 A, alead frame version of switch
assembly 70 for rechargeable flashlight 100, 2100 is now
further described. As shown, ground contacts 76A, 76B are
preferably molded into upper housing 72, as is battery contact
75 (not shown). Ground contact 179 may be molded into
lower housing 77.

Light source module 57 is now further described. Module
57 preferably contains an LED light source. Certain existing
light source module designs include multiple PCBs, such as
in U.S. Ser. No. 12/188,201 which is incorporated by refer-
ence as if fully set forth herein. In the current invention,
however, the functions provided by one of these PCBs may be
provided by electronic switch PCB 74 located in switch
assembly 70. In order to still use the hardware and electrical
paths provided by existing light modules 57, the second board
therein may be replaced with a pass through board.

Other aspects of the current invention related to the manner
in which rechargeable flashlight 100, 2100 may be recharged
are now further described with reference to FIGS. 9 and 9A.
Certain existing rechargeable flashlights include a feature on
their outer surface that may electrically engage a charger. An
example of this are flashlights that include dual charging
rings, or commutating rings, which are located on their outer
surface and which may engage electrical contacts in a charger
cradle.

One example of such an existing design involves several
rings that were slipped over the flashlight barrel. To this end,
a first or rear commutating ring is formed by removing the
anodizing from the barrel so that an electrical connection
could be made between the barrel and commutating ring. This
design also involves a first non-conductive insulating ring
positioned forward of the rear commutating ring (etched por-
tion). Then, a second or forward commutating ring positioned
forward of the first insulating ring, and then a second insulat-
ing ring positioned forward of the front commutating ring. As
known in the art, the insulating rings served to insulate the
commutating rings from each other and to also insulate the
second or forward commutating ring from the metal below it,
i.e., the barrel.

While this existing design has worked effectively, it does
involve several components and manufacturing steps to
assemble the several rings. However, the design of the current
invention, as shown in FIGS. 9 and 9A, preferably serves to
reduce the number of components so as to lower cost and
increase reliability.

FIGS. 9 and 9A show the diode assembly 80 of recharge-
able flashlight 100 (as well as the diode assembly 80 of
flashlight 2100). As shown, diode assembly 80 may include
commutating ring 81, diode module 82, diode 83, contact pin
84 and insulator module 85. Commutating ring 81 and diode
module 82 may comprise aluminum, while insulator module
may comprise a non-conductive material such as plastic.
Diode module 82 may include threads on its forward and rear
ends which may engage internal threads of the front barrel 91,
291 and rear barrel 94 to thereby form flashlight 100, 2100.
Diode module may also include an interior chamfered surface
82D that may make electrical contact with ground contact 179
of switch assembly 70.

Diode module 82 may be machined to include the rear
commutating ring 82 A which may have an outer diameter that
general corresponds to the outer diameter of the front barrel
91, 291 and rear barrel 94. The forward outer edge of com-
mutating ring 82A may be chamfered. Diode module 82 may
also include surface 82B that may be machined into module
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82 to generally form a ring. Ring 82B may serve to receive the
forward commutating ring 81.

The forward commutating ring 81 may include anodizing
on its surfaces, including rear surface 81A. The anodizing on
ring 81 may then be removed, or skin cut, where electrical
contact is necessary, e.g., the outside surface and center of the
inside surface, but the surfaces which remain anodized
remain insulated, i.e., where ring 81 contacts module 82 on
the face edges and the outer portions of its inner diameter. The
rear outer edge of ring 81 may also be chamfered. Accord-
ingly, when front commutating ring 81 is positioned on sur-
face 82B, the anodizing on rear surface 81 A serves to insulate
the forward commutating ring 81 from the rear commutating
ring 82A. This insulation is also facilitated by the chamfered
outer edges of the commutating rings.

Insulator module 85 may be inserted into diode module 82.
Insulator module 85 may include a hole (not shown) in its
bottom that corresponds to hole 82C in diode module 82,
where both holes allow diode 83 to protrude therethrough. To
provide concentricity between the holes of diode module 82
and insulator module 85, grooves may be formed on the
interior of diode module 82 that correspond to ribs formed on
the exterior of insulator module 85. Insulator module 85 may
also include a rear flange 85A which serves to insulate diode
module 82 and the battery power source.

Contact pin 84 may axially extend through diode module
80 as shown in FIGS. 9 and 9A. That is, pin 84 may be held in
place by bore 85B so that it makes contact with the positive
electrode of the battery located behind diode module 80 and
the positive contact 75 of switch assembly 70 as described
above.

The commutating rings are preferably positioned to corre-
spond to charging contacts in a charging device, such as the
charger cradle described in U.S. Provisional Application Ser.
No. 61/751,930, the contents of which are incorporated by
reference as if fully set forth herein.

Aspects of the current invention regarding the electronics
offlashlights 10,210,100, 2100 are now further described. As
shown in FIGS. 5, 6, 7 and 8, switch assembly 70 in either
non-rechargeable flashlight 10,210 or rechargeable flashlight
100, 2100 may include electronic switch PCB 74. As dis-
cussed herein, PCB 74 may provide various functions such as
different modes of operation, e.g., dimming, blinking, etc.
Furthermore, by locating PCB 74 in switch assembly 70, as
opposed to aremote location, the flashlight 10,210, 100, 2100
may operate in various ways since the electronics are con-
tained within the switch assembly. For example, with this
configuration, dimming and brightness of the light provided
by flashlight 10, 210, 100, 2100 may occur under analog
control, though dimming and brightness may still occur
through pulse width modulation (PWM).

A benefit of locating the electronics on PCB 74 may be that
that it reduces the number of PCBs that contain various elec-
tronics. For example, certain existing flashlights having an
electronic switch already contain a PCB in the switch assem-
bly that include the ground and other contacts, and another
PCB in the light source module. But with the design of the
current invention, that PCB located in switch assembly 70
may also contain various other electronic components.
Accordingly, the PCB in the switch assembly may serve
additional purposes, thereby avoiding the need for a separate
PCB containing the electronics in the light module.

One side of PCB 74 may include the ground pads 74A and
center pad 74C as shown in FIGS. 5, 6, 7 and 8. The other side
of PCB 74 may include various components such as shown in
FIG. 10. These components may include accelerometer 7029,
LED driver or constant current regulator 7030 and microcon-
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troller 7031. To this end, and as shown in FIG. 10, various
suitable resistors, diodes, transistors, logic, converters and
capacitors may reside on PCB 74.

PCB 74 may also include the component(s) that allow PCB
74 to interact with the user. In FIG. 10, this is indicated by the
man to machine interface 7050. In one embodiment, this
interface 7050 may be represented by center pad 74C which
may be located on the other side of PCB 74 and which may
interact with snap dome 73 and a button that may be pressed
by the user as discussed above.

Accelerometer 7029 on PCB 74 may also form part of the
user interface. Accelerometer 7029 may comprise a three axis
accelerometer, though other types of motion detectors may be
used. Accelerometer 7029 may be used to detect how flash-
light 10, 210, 100, 2100 is moved by the user and this infor-
mation may be used by microcontroller 7031 to affect the how
the flashlight operates. For example, rotation of the flashlight
10,210,100, 2100 may result in dimming of the light. The use
of'accelerometers to control how a flashlight operates is more
fully discussed in U.S. Ser. No. 12/657,290, the contents of
which are incorporated as if fully set forth herein.

The microcontroller 7031 on PCB 74 may receive com-
mands from the user via user input 7050. Based on these
commands, microcontroller 7031 may control the amount of
current in an analog fashion that LED driver or constant
current regulator 7030 outputs. In this manner, and as shown
in FIGS. 11-13, the current may be generated and regulated
remotely from the actual light source, e.g., LED, which is
located in light source module 57.

Certain prior flashlight designs included an LED driver on
a PCB in the light source module, such as light module 57,
which is remote from the electronic switch itself and a micro-
controller contained therein. With this design, the electronic
switch contained in the flashlight would control the bright-
ness and dimming of the LED by PWM, i.e., a switching
function by making and breaking power to the input side of
the LED driver. With this type of configuration, analog con-
trol could generally not be used because the current regulator
was remote from the electronic switch and there was no
effective electrical path over which an analog signal could be
transmitted.

With the design of the current invention, however, bright-
ness and dimming may be controlled in an analog fashion
because microcontroller 7031 is in close proximity to LED
driver 7030. This is advantageous since it may reduce com-
ponent cost and may provide other benefits discussed below.
In any event, however, brightness and dimming in flashlight
10, 210, 100, 2100 may still occur through PWM.

The electronics and their overall configurations in non-
rechargeable flashlight 10, 210 and rechargeable flashlight
100, 2100 are now further described with reference to FIGS.
10-13. The switch assemblies 70 used in any of flashlights 10,
210, 100, 2100 may generally share the same or similar
design topology. To this end, user interface 7050 and LED
driver 7030 may be located on PCB 74. Microcontroller 7031
that resides on PCB 74 and that implements the user input as
received from interface 7050, may also have control over
LED driver 7030.

LED driver 7030 may generally serve as a power supply to
regulate the amount of current sent to the LED or other
downstream light source contained in light source module 57.
Because the brightness of the LED is generally proportional
to the LED current, LED driver 7030 may be used to control
this parameter (i.e., LED current) to adjust or otherwise con-
trol LED brightness. When a desired current flows through
the LED, a resulting voltage across the LED is formed, i.e.,
the forward voltage.
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Because different flashlights may provide different levels
of power to PCB 74 and LED driver 7030, the configuration
of LED 57B may vary as discussed below in connection with
FIGS.11-13. Each ofthese figures shows the overall circuit of
non-rechargeable flashlight 10,210 or rechargeable flashlight
100, 2100. Moving along the electrical path, each of FIGS.
11-13 then shows the positive electrical path 7091 from the
positive electrode of the battery through the components
described above that form the positive electrical path to
switch assembly 70 and PCB 74.

After PCB 74, each of FIGS. 11-13 shows the positive
electrical path 7092 to the light source assembly 57 that may
contain various components such as described in U.S. Ser.
No. 12/188,201, the disclosure of which is incorporated by
reference as if fully set forth herein. As shownin FIGS. 11-13,
light source assembly 57 may include a pass through board
57A that may generally form an electrical path but in previous
flashlights may have included electronics. In the current
invention, these electronics may now reside on PCB 74. Light
source module 57 may also include an LED 57B mounted on
PCB assembly 57C that may include a PCB 57C' and/or
insulator 570" as shown in FIG. 20 as discussed later.

Thereafter, each of FIGS. 11-13 shows the electrical or
ground path 7093 that leads back to the negative electrode of
the battery power source 7090. As discussed above, this
ground path may include a housing of the light source module
57, heat sink 56, contacts through switch assembly 70 and
then barrel 31, 94, tail cap 43 and spring 41, to the negative
electrode of the battery power source 7090.

For white LEDs, LED voltage is generally in the range of
3.0V to 3.8V. In the case where the input battery voltage is
higher than the forward voltage, LED driver 7029 preferably
bucks, or lowers, the input voltage as it regulates LED current.
This is shown in FIGS. 12 and 13 where LED driver 7030 may
comprise a constant current buck regulator 7030. In the case
where the input battery voltage is lower than the forward
voltage, LED driver 7030 preferably boosts, or raises, the
input voltage as it regulates the LED current. This is shown in
FIG. 11 where LED driver 7030 may comprise a constant
current boost regulator 7030.

The number of battery cells in series may generally deter-
mine if LED driver 7030 must boost or buck the input voltage.
Two battery cells in series may generally provide a nominal
3.0V when fresh. In this situation, a boosting LED driver may
be used to raise the LED voltage over the life of the batteries.
Three or more cells in series may generally provide a voltage
that is higher than the LED voltage over most of the battery
life. In this situation, a bucking LED driver may be used.

Buck LED drivers and Boost LED drivers may generally
comprise switch mode power supplies and may be designed
similarly to buck or boost voltage converters. Voltage con-
verters may reside on PCB 74 and may regulate the output
voltage to a certain voltage that is fed back to the converter.
The converter may adjust the output as necessary to maintain
this voltage over a wide power load. LED drivers may replace
the voltage signal that is fed back to the voltage converter with
avoltage that is proportional to the LED current. Generally a
low loss resistor such as a sense resistor may be used to create
a signal that is fed back to the converter and is proportional to
the LED current.

The above-described LED current feedback configuration
relates to electronic switch PCB 74 in that switch assembly 70
may add another signal to the LED current feedback. This
signal may be generated by microcontroller 7031 and may be
added to the LED current feedback signal. This preferably
allows microcontroller 7031 to control the brightness of LED
driver 7030 in real time.
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For example, microcontroller 7031 may add a voltage
between 0V and 3.3V that would put the LED current
between a minimum level and a maximum level. In this
example, when this signal is off, or OV, LED driver 7030 may
produce a maximum amount of LED current, and when the
signal is fully on, or 3.3V, LED driver 7030 may regulate to a
minimal amount of LED current. A signal in the middle, e.g.,
1.65V, may result in 50% of maximum LED current. Micro-
controller 7031 may drive the LED to any desired DC current
level.

The LED driver 7030 of the current invention is preferably
configured for minimal and maximum LED currents in view
of the input signal from microcontroller 7031. When operat-
ing in this fashion, the current invention provides LED dim-
ming in the form of analog dimming.

Asindicated above, flashlights 10,210,100, 2100 may also
regulate LED brightness through PWM. In this situation,
LED driver 7030 may be configured to produce a fixed LED
current. LED driver 7030 may be turned on or off with a signal
from microcontroller 7031 at some fixed frequency. If micro-
controller 7031 is to lower the LED current, it may decrease
the duty cycle or the ratio of on/off of LED driver 7030. The
frequency of this duty cycle is preferably higher than what the
human eye can detect.

PWM generally produces an average LED brightness with
fixed amplitude. There are advantages to PWM dimming in
that there is very little color shift over the full duty cyclerange
as the LED die temperature saturates quickly and there is little
differences in temperature as the duty cycle changes. In ana-
log dimming, the temperature of the die will be much less at
lower LED currents and some slight difference in LED beam
color might be detected by the human eye.

However, analog dimming is very quiet in terms of EMI
(electromagnetic interference) footprint since there is no
switching on/off of the current. The on/oft switching of PWM
systems can produce transients with large EMI energy and
harmonics of this could potentially create EMC (electromag-
netic compatibility) issues.

PWM based systems can also couple visually to motors
and other rotating or oscillating objects creating a safety
hazard. An example is a rotating fan that the frequency of the
PWM system is close to. This creates the illusion that the fan
blade is not spinning. Accordingly, the use of analog dimming
preferably avoids these scenarios.

An embodiment of light source module 57 is now further
described with reference to FIGS. 20, 20A and 20B. As noted
earlier, a light source module such as that described in U.S.
Ser. No. 12/188,201, incorporated by reference herein, may
be used with modifications as described herein. As shown in
FIG. 20, light module may include board 57A, LED 57B and
PCB assembly 57C as discussed in connection with FIGS.
11-13.

PCB 57A may generally function as a pass-through board.
PCB assembly 57C may include board 57C' and insulator
57C" which may function, at least in part, similar to those
corresponding components described in U.S. Ser. No.
12/188,201. Light module 57 may also include insulator 57D,
contact 57K, ring 57F and housing 57G, which may also be
similar to the corresponding components described in U.S.
Ser. No. 12/188,201.

However, as shown in FIGS. 20A and 20B, ring 57F may
include notches 57F' to accommodate the mounting of LED
57B. In this embodiment, LED 57B may be larger than LEDs
used previously and/or may include a square base (or other
base configured in a different shape) which may not fit within
and/or on light source module 57. For example, LED 57B and
board 57C' are generally mounted on insulator 570". And the

10

15

20

25

30

35

40

45

50

55

60

65

20

size of LED 57B may not allow it to be mounted thereon.
Accordingly, the base of LED 57B may be rotated so that it
may be mounted, and notches 57F' may be included in ring
57F to accommodate this.

The manner in which different modes of operation may be
selected is now further described. Modes may generally be
selected through the user interface 32, which may comprise a
push button or other type of switch. The types of modes that
may be provided by any of the lighting devices described
herein may vary, but in a preferred embodiment, full power,
halfpower, quarter power and strobe modes may be provided.
However, other modes may also be provided such as SOS and
momentary modes.

In a preferred embodiment, the first mode may be chosen
by pressing down on the user interface once and quickly
letting go, e.g., quickly clicking on button 32 once. This may
turn the flashlight on and into full power mode. After turning
off the flashlight, the user may then click on the button 32 and
release twice to select the second mode which may be half
power. Alternatively, the user may hold the button down after
the second click for a predetermined amount of time to select
the third mode, which may be quarter power. The predeter-
mined time for which the button is held down on the second
click may vary, but for example, may be %2 of a second. In this
manner, the user may hold down the button after the second
click for whatever predetermined time may be set, until he or
she sees the change in mode. Alternatively, after turning off
the flashlight, the user may then perform three quick clicks to
select another mode.

The manner in which modes may be selected by quickly
clicking on the user interface a number of times, i.e., “quick
click”, is discussed in U.S. Pat. No. 7,566,149 and U.S. Ser.
No. 12/928,519, filed Dec. 13, 2010, both of which are incor-
porated by reference as if fully set forth herein. The manner in
which modes may be selected by continually pressing down
on the user interface for a predetermined time, i.e., the “press-
hold”, is discussed in U.S. Ser. No. 13/398,611, filed Feb. 16,
2012, which is incorporated by reference as if fully set forth
herein. The combination of the quick click and press-hold
methods to select modes is discussed in U.S. Ser. No. 13/216,
092, filed Aug. 23, 2011, which is incorporated by reference
as if fully set forth herein.

Another possible embodiment regarding the use of quick
click and press-hold to select modes is now further described.
To this end, the click frequency and press-hold duration may
be timed in software by an internal oscillator of the micro-
controller. This is preferred because it facilitates that mode
changes are repeatable, accurate and consistent when the
switch is clicked on/off in the desired pattern. Accordingly,
modes may be changed as follows. Though specific modes are
referenced below, one skilled in the art will appreciate that
different modes may be used in different orders.

Mode 1 [Full Power Mode]—With the light OFF, switch
PRESS and HOLD, or PRESS and RELEASE [any dura-
tion]—light enters Full Power Mode. Subsequent PRESS of
any duration will turn light off.

Mode 2 [Half Power Mode]—With the light OFF, switch
PRESS [less than a predetermined time], switch RELEASE
[less than a predetermined time], switch PRESS [less than a
predetermined time], switch RELEASE [less than a predeter-
mined time]—light enters Half Power Mode. Subsequent
PRESS of any duration will turn light off.

Mode 3 [Quarter Power Mode]—With the light OFF,
switch PRESS [less than a predetermined time], switch
RELEASE [less than a predetermined time], switch PRESS
[less than a predetermined time], switch HOLD [equal to or
greater than a predetermined time which may be longer than
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the foregoing predetermined time]—light enters Quarter
Power Mode. Subsequent PRESS of any duration will turn
light off.

Mode 4 [Strobe Mode]—With the light OFF, switch
PRESS [less than a predetermined time], switch RELEASE
[less than a predetermined time], switch PRESS [less than a
predetermined time], switch RELEASE [less than a predeter-
mined time], switch PRESS—Ilight enters strobe mode. Sub-
sequent PRESS of any duration will turn light off.

By way of example only, the predetermined amount of time
may be 250 mS and the switch HOLD time to enter Mode 3
may be 500 mS. However, other durations may be used within
the scope of the invention.

As noted above, the modes provided by the lighting devices
of'the current invention may vary from those identified above.
Furthermore, it is preferred that the user may customize the
modes to be provided. To this end, the lighting devices of the
current invention may come programmed with different sets
of modes, or menus, that may be chosen by the user. Once a
menu is chosen, the click and press-hold sequence may vary
and may be used to access different modes. It is preferred that
the user may select menus, or sets of functions or modes, by
a user interface which may involve, for example, the push-
button switch described above. An example of reconfigurable
menus or function sets and the manner in which they may be
selected is discussed in U.S. Ser. No. 12/928,519, filed Dec.
13, 2010, which is incorporated by reference as if fully set
forth herein.

In a preferred embodiment, the following function sets
may be provided: (1) full power, power save, strobe; (2) full
power, power save, SOS signal; (3) momentary, full power,
power save; and (4) momentary, full power and strobe. Within
each function set, the functions or modes may be accessed by
the quick click method described above. However, the inven-
tion is not limited to those modes and function sets, since
other combinations, as well as different manners in which to
access the modes may be used.

The lighting devices of the current invention may also
include a mode retention and/or recovery feature which may
apply as follows. In the event the lighting device is dropped,
the batteries may move within the device and cause loss of
power to the microcontroller. In turn, the light may shut off.
To address this situation, the lighting devices of the current
invention may include “bounce detection” circuitry accom-
panied by software that may detect battery movement and
loss of power, but still allow the light to recover back into the
mode it was previously in. This mode retention feature is
discussed in U.S. Ser. No. 13/398,611, filed Feb. 16, 2012,
which is incorporated by reference as if fully set forth herein.
As an alternative, it may be preferred that certain modes may
change when recovered, e.g., in the example discussed above,
mode 3 may revert to mode 2 when recovered.

The present invention includes a number of aspects and
features which may be practiced alone or in various combi-
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nations or sub-combinations, as desired. While preferred
embodiments of the present invention have been disclosed
and described herein for purposes of illustration and not for
purposes of limitation, it will be understood by those skilled
in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
invention.

What is claimed is:

1. A flashlight, comprising:

a housing having a set of threads;

a head assembly including a spinal nut that includes
another set of threads that engage the set of threads when
the head assembly is coupled to the housing;

an LED light source module fixedly held by a heat sink
fixedly held by the housing;

a switch assembly; and

a power source;

wherein the heat sink, the switch assembly and the power
source are part of an electrical circuit when the LED
light source module emits light; and

wherein the light provided by the LED light source module
may be varied by rotating the head assembly relative to
the housing while the heat sink, the switch assembly and
the power source remain stationary.

2. The flashlight of claim 1, wherein the head assembly
includes a reflector that engages the spiral nut, so that the
reflector axially movers relative to the light source when the
head assembly is rotated relative to the housing.

3. The flashlight of claim 1, wherein the reflector and spiral
nut engage each other through a tooth and notch arrangement.

4. The flashlight of claim 1, wherein the housing is a barrel
and the heat sink is press fit into a forward portion of the
barrel.

5. The flashlight of claim 4, wherein the barrel is comprised
of aluminum and the heat sink conducts heat away from the
LED light source module to the barrel.

6. The flashlight of claim 5, wherein there is no thermal
interface between the heat sink and the LED light source
module except for thermal interfaces existing between the
barrel and the heat sink and between the heat sink and the
LED light source module.

7. The flashlight of claim 6, wherein the LED light source
module is press fit into the heat sink.

8. The flashlight of claim 4, wherein the LED light source
module is press fit into the heat sink.

9. The flashlight of claim 4, wherein the heat sink holds the
LED light source module in a stationary position at or near a
forward end of the barrel.

10. The flashlight of claim 4, wherein the heat sink forms a
ground path by contacting a housing of the LED light source
module and a ground contact of the switch assembly.
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